Abstract: A seed-specific 2S albumin gene and its promoter region of grape (Vitis vinifera L.) were isolated using an improved thermal asymmetric interlaced PCR that allowed efficient amplification of target sequence of up to 3 kbp in length directly from genomic DNA. The 2S albumin VvAlb1 (for V. vinifera 2S albumin 1) gene from different grape cultivars encompasses a coding region of 504-540 nucleotides corresponding to a deduced amino acid sequence of 167-179 residues. This deduced protein contains up to 30% glutamine residues and eight cysteine residues arranged in a pattern highly conserved among 2S albumins for disulfide bond formation. DNA sequence alignment revealed that the same VvAlb1 gene among different grape cultivars varied greatly, including an insertion of up to 36 bp near the 3′ end of the gene sequence isolated from 'Thompson Seedless'. DNA sequence analysis indicated that several conserved seed-specific regulatory motifs were clustered within a 0.6-kbp region 5′ upstream of the transcription start site. To further test promoter activity, the sequence of this region was used to drive a bifunctional EGFP/NPTII fusion gene in Agrobacterium-mediated transformation of grape somatic embryos and leaf discs of grape and tobacco (Nicotiana tabacum L.). A high level of GFP expression, comparable with that derived from an enhanced double CsVMV promoter, was observed in the cotyledonary but not hypocotyl and vegetative tissues of grape and tobacco. These results suggest that the VvAlb1 gene promoter isolated is capable of conferring seed-specific gene expression.
Introduction
2S albumins are a group of small proteins (1.7-2.2S) synthesized and stored in seeds, particularly cotyledonary tissue, of a wide range of dicotyledonous species and are well known for their conserved pattern of placement of cysteine residues that are involved in disulfide bond formation (Rico et al. 1996; Shewry et al. 1995) . These proteins vary greatly in amino acid composition but often contain a high percentage of nitrogen-and sulfur-rich amino acid residues consistent with the nutritional functions of storage proteins (Boutilier et al. 1999 ). Owing to their important nutritional role as human food and animal feeds, 2S albumins and associated genes have been isolated from a number of plant species and characterized in great detail to facilitate protein manipulation and improvement (Chatthai and Misra 1998; Galili and Hofgen 2002; Muntz 1998; Raynal et al. 1991; Scarafoni et al. 2001) . Several glutamine-rich 2S albumins have also shown potent antimycotic and antibacterial activities. These proteins provided useful materials for the development of novel disease resistance in crop plants using transgenic strategies (Barciszewski et al. 2000; Koo et al. 2002; Terras et al. 1993 ).
Promoters of 2S albumin genes control the production and accumulation of 2S albumin proteins during seed development. Over the years, extensive molecular analysis of 2S albumin gene promoters from different plant species revealed direct interaction of several unique DNA motifs within these promoters with well-characterized transcriptional regulatory proteins leading to spatial and temporal activation of gene transcription (Dasgupta et al. 1993; Conceicao Ada and Krebbers 1994; Roeckel et al. 1997; Stalberg et al. 1993; Vincentz et al. 1997 ). Knowledge gained from these studies facilitated efforts to improve yield, quality, and the nutritional value of seed storage proteins using genetic engineering techniques (De Lumen et al. 1999; Jaeger et al. 2002; Molvig et al. 1997; Muntz et al. 1998; Scarafoni et al. 2001) .
To study structural and molecular requirements for seedspecific gene expression in grape (Vitis vinifera L.), we isolated the complete 2S albumin gene and its promoter directly from genomic DNA by using an improved version of the thermal asymmetric interlaced PCR (TAIL-PCR) procedure previously described by Liu and Whittier (1995) . In this report, we showed (i) high efficiency of the improved TAIL-PCR procedure for amplification of target-specific DNA sequences of up to 3 kbp in size from genomic DNA in a reduced number of PCRs, (ii) sequence variations in the 2S albumin gene VvAlbl from different cultivars of grape, and (iii) seed-specific activity of the VvAlb1 gene promoter based on transient expression of a bifunctional EGFP/NPTII fusion reporter gene in transformed grape and tobacco cells.
Materials and methods

Plant material and DNA preparation
Cultures of somatic embryos of grape ('Thompson Seedless') were initiated from in vitro shoot-tip and anther explants as described previously (Gray 1992 (Gray , 1995 Li et al. 2001) . In vitro shoot cultures of tobacco (Nicotiana tabacum L. 'Samsun') were maintained according to Burrow et al. (1990) .
Total genomic DNA was isolated from young leaves of greenhouse-grown plants ('Thompson Seedless', 'Chardonnay', and 'Merlot') according to the procedures of Lodhi et al. (1994) with increased EDTA concentration (100 mmol/L) in extraction buffer and directly used in PCR-mediated DNA amplifications.
TAIL-PCR
All PCRs were performed using a PTC-100 programmable thermal controller (MJ Research, Inc., Watertown, Mass.).
Taq polymerase was purchased from Promega (Madison, Wis.). Standard procedures for DNA manipulation and cloning were followed (Maniatis et al. 1982) . PCR products were subjected to electrophoretic separation in 0.8% agarose gels. DNA sizes were determined by using Kodak 1D image analysis software (Eastman Kodak Co., N.Y.). DNA fragments were isolated from agarose gels, purified using Ultrafree-MC filter devices (Millipore Corp., Mass.), and ligated into pGEM-T vector (Promega). DNA sequences of insert fragments were determined by nucleotide sequencing of 3 or 4 randomly selected clones from each ligation.
In this study, 2 phases of TAIL-PCR were carried out. The first TAIL-PCR used the same procedure described by Liu and Huang (1998) with 2 nested gene-specific (NGS) primers, TUS-1 (5′-TTCCTGTTGTTGCTGCTGGTTTCGGAT-G-3′) and TUS-2 (5′-ATCAGTACGTAACCCTGCCCGC-3′). These 2 primers correspond to nucleotide positions +10 to +31 and +41 to +66, respectively, of a published expressed sequence tag (EST) clone AW707958 (Ageorges 2000) previously isolated from a berry cDNA library of grape ('Pinot Noir'). This EST clone has a high sequence homology with the 2S albumin seed storage protein precursor mRNA of English walnut (Juglans regia L.) (GenBank accession No. U66866) (Teuber et al. 1998) and is hereafter referred to as 2S albumin gene or VvAlb1 of grape. A total of 8 arbitrary degenerate (AD) primers were tested in the first round of TAIL-PCR, including 4 (AD1-AD4) from Liu and Huang (1998) and 4 (AP103, AP122, AP138, and AG140) from Terauchi and Kahl (2000) .
For the second phase TAIL-PCR, 3 NGS primers including AB-1 (5′-TAATGAGAGAGAGGGATCGA-3′), AB-2 (5′-GGATGAAGGGCAGTTATTTA-3′), and AB3 (5′-GCATGG-GGTGTGTACGTGGAAG-3′) were synthesized based on a PCR-extended DNA sequence 5′ upstream of the EST sequence after the first phase TAIL-PCR. A random selected AD primer, AD3 (5′-WGTGNAGWANCANAGA-3′, where W represents A or T and N represents A, T, G, or C) (Liu and Huang 1998) , was employed in this phase of PCR amplifications. AD3 did not contain any more than 4 consecutive nucleotides that would anneal to any of the NGS primers for primer dimerization.
After the second-phase TAIL-PCR, the entire 2S albumin gene and its 5′ upstream region were reamplified from genomic DNA of several grape cultivars using forward primer GTU-51 (5′-CCTATCCCCAGCCCACTTCCAC-3′) and reverse primer TSA-33 (5′-TGTTACTCGTTTCCAGTCAC-3′). These 2 primers were synthesized based on the amplified 5′ upstream region and the available downstream EST sequence of the 2S albumin gene. At least 3 pGEM-T-derived clones containing an insert of the amplified gene fragment from each cultivar were used for subsequent nucleotide sequencing and analysis.
Construction of transformation vectors and genetic transformation
A 0.6-kbp (-7 to -595) DNA fragment from the upstream region relative to the translation start codon of the VvAlb1 gene was isolated from cloned PCR-derived DNA and endmodified to form a HindIII-KpnI fragment using PCR. This fragment was then used to replace the double-enhanced CsVMV promoter in the previously described transformation vector pDCsVM (Li et al. 2001) . The resultant vector, pAL, contained a bifunctional EGFP/NPTII fusion gene under the control of the upstream fragment of the VvAlb1 gene and the termination site and polyadenination signal of the CaMV 35S transcript. The transformation vector was introduced into Agrobacterium tumefaciens strain EHA105 as previously described (Li et al. 2001) .
Procedures and culture media for Agrobacterium-mediated transformation were essentially the same as described previously (Li et al. 2001) . After transformation, somatic embryos and leaf explants were kept in the dark for 2 days, washed, and cultured on DM medium containing 200 mg cefotaxime/L and 200 mg carbenicillin/L in the dark for 1 week. GFP expression in transformed explants was monitored microscopically using a fluorescence stereomicroscope equipped with a GFP filter set (Leica MZFLIII) (Leica Microscopy System Ltd., Heerbrugg, Switzerland). Fluorescence images were recorded with a FinePix S-1 Pro color digital camera (Fuji Photo Film Co., Ltd., Tokyo, Japan) mounted to the microscope and the manufacturer-provided image-recording software. GFP expression from individual transformation vectors was analyzed using images of at least 30 somatic embryos. Representative images are presented.
Results
Modification of previously reported TAIL-PCR procedure
TAIL-PCR was previously developed for selective amplification of DNA regions flanking a known target site for genomic walking using cloned large DNA fragments as template (Liu and Whittier 1995) . In our preliminary attempt to use this technique to isolate the grape 2S albumin gene and upstream region, a previously reported TAIL-PCR procedure (Liu and Huang 1998; Terauchi and Kahl 2000) was followed using 2 NGS primers, TUS-1 and TUS-2, synthesized based on a published 2S albumin-like EST sequence AW707958 (Ageorges 2000) in combination with 8 previously tested AD primers. Genomic DNA isolated from grape 'Merlot' was employed as PCR template. These preliminary TAIL-PCR experiments yielded an unexpectedly large number of amplified products (data not shown). DNA sequencing of PCR products revealed that only 1 primer combination (NGS primers/AG140) resulted in amplification of a targetspecific DNA fragment that extended 345 bp into the 5′ upstream region from the known EST sequence. PCRs using the remaining combinations of NGS and AD primers failed to produce any target-specific DNA amplification. All amplified DNA fragments from these primer combinations were derived from nonspecific amplification of unknown genomic sequences owing to the alignment of identical NGS primer to both 5′ and 3′ ends (data not shown).
The limited success achieved using grape genomic DNA as template and previously reported TAIL-PCR procedures (Liu and Huang 1998; Terauchi and Kahl 2000) prompted us to evaluate parameters affecting amplification efficacy. We noticed that the majority of nonspecific DNA fragments after PCRs contained terminal sequences homologous to NGS primers but not to AD primers. In other words, those nonspecific PCR amplifications using the majority of primer combinations may have been caused by an inadequate amount of AD primers in the reaction mixture. Accordingly, several modifications were made, including (i) increasing the concentration of AD primers from 2 to 20 µmol/L in all reactions, (ii) reducing the total reaction volume per PCR tube from 20 to 10 µL, (iii) extending the length of time of the PCR extension step from 2.5 to 4 min for all PCR programs, and (iv) reducing the number of PCR cycles from 3 to 2 with revised cycling conditions ( Table 1) .
To determine the amplification specificity and efficiency of the newly modified procedure, a second-phase TAIL-PCR was carried out using three NGS primers (AB1, AB2 and AB3) and a randomly selected AD primer (AD3). A primary PCR was performed using genomic DNA of 'Merlot' with primer combination AB1/AD3. Products derived from this reaction were then used in a secondary PCR with 6 primer combinations (AB1/AD3, AB1, AB2/AD3, AB2, AB3/AD3, and AB3). This secondary reaction resulted in amplification of several DNA fragments with molecular sizes ranging from 0.1 to over 3 kbp (Fig. 1) . Noticeably, PCRs using combined NGS and AD primers produced 2 common fragments with a molecular size of approximately 1.9 and 0.4 kbp, respectively (lanes 2, 4, and 6). Gel image analysis of these 2 DNA fragments indicated that the size of each fragment was reduced stepwise in the order of AB1/AD3 > AB2/AD3 > AB3/AD3 (lanes 2, 4, and 6). This stepwise reduction in molecular size corresponded to the progressive change of primer position of respective NGS primer within the previously amplified target DNA region. In addition, these fragments were not present in reactions using a single NGS primer (lanes 2, 5, and 7) or AD3 primer (data not shown) and appeared to be unrelated to DNA fragments amplified by using a single NGS primer (lanes 3 and 7). All single NGS primer derived DNA fragments were subsequently determined by nucleotide sequencing to be unknown genomic sequences with no homology with the published 2S albumin-like EST of grape (data not shown). TAIL-PCRs using the same NGS (AB1, AB2, and AB3) and AD3 primer combinations and previously reported procedures did not yield any amplified fragments similar to the above-mentioned common fragments (data not shown). Thus, these results suggest that the use of our newly modified procedure may facilitate efficient target-specific amplification.
2S albumin gene and 5′ upstream sequences from grape
To determine sequence identity of the PCR products obtained from above reactions, both the 1.9-and the 0.4-kbp DNA fragments (Fig. 1, arrows) were isolated from agarose gel and cloned into pGEM-T vector for subsequent nucleotide sequencing. Sequence alignment revealed that the entire 0.4-kbp DNA fragment was identical to the 3′ end region of the 1.9-kbp fragment (data not shown). In addition, sequences homologous to the AB3 primer and previously extended region of the known EST clone were found at the 3′ end region, while sequences similar to AD3 were present at the 5′ end region of both DNA fragments (Fig. 2) . Thus, these amplified common fragments were the result of targetspecific amplification from the identical genomic location containing a complete 2S albumin gene. This gene was subsequently designated as VvAlb1 for the first complete 2S albumin gene member from V. vinifera.
Analysis of amplified DNA sequences indicated that the VvAlb1 gene from 'Merlot' contained a single open reading frame of 504 nucleotides and encoded a deduced polypeptide sequence of 167 amino acid residues (Fig. 2) (GenBank accession No. AY267256; this study). Noticeably, VvAlb1 was a glutamine-rich protein containing 49 glutamine residues (29% of the amino acid content). Examination of the VvAlb1 sequence confirmed the presence of 8 cysteine residues arranged in a unique pattern (C...C.../... CC...CXC...C...C...). This pattern is well conserved among 2S albumins of numerous plant species (Rico et al. 1996) .
A conserved TATA box (TATAAA) was also identified in a region 63 nucleotides upstream of the start codon (Fig. 2) . This suggests that the VvAlb1 gene may have an estimated 5′-untranslated region of about 25 nucleotides, similar to that frequently found with 2S albumin genes of other species (Tai et al. 2001 ). In addition, sequences similar to several cis-acting enhancer elements and (or) DNA motifs commonly associated with functional seed-specific promoters, including the CAAT box, cotyledon box (Conceicao Ada and Krebbers 1994), F1, F2, and F3 elements (Vincentz et al. 1997) , and G box (Ezcurra et al. 2000) , were present within a 0.6-kbp region upstream of the TATA box (Fig. 2) . These sequence characteristics, together with the fact that cDNA derived from this gene has been previously recovered from developing grape berries, suggest that the VvAlb1 gene sequence isolated from the genomic DNA of 'Merlot' is derived from a functional gene.
To examine sequence diversity of the VvAlb1 gene among different grape cultivars, a forward primer, GTU-51, and a reverse primer, TSA-33, were synthesized based on the DNA sequence obtained from 'Merlot' and used to amplify an expected 0.9-kbp fragment covering the entire coding region and part of the 5′ upstream sequence of VvAlb1 gene from 'Chardonnay 01' (GenBank accession No. AY267254; this study) and 'Thompson Seedless' (GenBank accession No. AY267255; this study).
Comparative analysis revealed that the 0.9-kbp DNA fragments amplified from different cultivars harbored sequence similarity and significant variation within different regions (Fig. 3) . The 5′ upstream region of the VvAlb1 gene was identical among all cultivars examined except a single A (adenine) to G (guanine) substitution within the 5′ untranslated region (-15 relative to the start codon) from the amplified sequence of 'Chardonnay 01'. Several sporadic incidences of single nucleotide substitution were found within the partial EST-covered region of the VvAlb1 gene in all compared cultivars. Among these substitutions, only 1 nucleotide change from T (thymine) to G (guanine) caused an amino acid sequence change from Y (tyrosine) in 'Pinot Noir' to R (arginine) in the other 3 cultivars, whereas the rest occurred at the wobble position of an affected codon without altering the amino acid (Fig. 3) . Significant sequence variations were found within a region encoding glutamine-glycine (Q-G) doublet repeats near the 3′ end of the gene. As compared with the sequence from 'Pinot Noir', an insertion of 12 bp was identified from 'Thompson Seedless', while a deletion of 24 bp was evident in both 'Chardonnay 01' and 'Merlot' (Fig. 3) Table 1 . Cycling conditions of a modified TAIL-PCR used for amplifying the 2S albumin gene and promoter of grape (V. vinifera). Fig. 1 . Agarose gel analysis of TAIL-PCR products using a modified procedure and grape (V. vinifera) genomic DNA. Ten microlitres of PCR products from each primer combination along with marker DNA (StyI-cut Lambda DNA) were loaded into each well. Primers AB1, AB2, and AB3 were synthesized based on a grape EST clone (AW707958) and preliminary TAIL-PCR extended 5′ region as described in the text. AD3 is an arbitrary degenerate primer. Arrows indicate fragments that were isolated and cloned for subsequent DNA sequencing.
'Chardonnay 01' and 'Merlot'. These variations at the DNA level changed the number of Q-G doublet repeats without causing a frame shift in the open reading frame (Fig. 3) .
Confirmation of activity of VvAlb1 gene promoter
The expression activity of the VvAlb1 gene promoter was evaluated by using transient GFP expression in the homologous host grape and the heterologous host tobacco. A 0.6-kbp promoter fragment 5′ upstream of the VvAlb1 coding sequence was introduced into the transformation vector pAL and used to direct expression of a bifunctional EGFP/NPTII fusion gene (Li et al. 2001) . Agrobacterium-mediated transformation of grape somatic embryos using pAL resulted in high levels of GFP expression in transformed cells that were comparable with the level obtained by using an doubleenhanced CsVMV promoter in transformation vector pDCsVM (Fig. 4) (Li et al. 2001) . No GFP-dependent fluorescence was detected in leaf cells of either grape or tobacco (data not shown). Noticeably, GFP expression controlled by the viral promoter (pDCsVM) was evident in cells over the entire surface of the somatic embryos explant (Fig. 4 , left panels) and in leaf discs of both grape and tobacco (data not shown). Expression of GFP in grape somatic embryos directed by the VvAlb1 gene promoter (pAL) was mainly con-Genome Vol. 48, 2005 fined to the cotyledonary but not hypocotyl tissues (Fig. 4 , right panels). Thus, this 0.6-kbp fragment isolated from the 5′ upstream region of the VvAlb1 gene was capable of conferring a high level of gene expression in seed tissue, while it was inactive in vegetative tissue.
Discussion
We successfully isolated the complete sequence for a 2S albumin gene VvAlb1 and its 5′ upstream region from grape using an improved TAIL-PCR procedure. Our modifications to the previously described TAIL-PCR procedures and the use of increased concentrations of AD primers in all reactions allowed efficient amplification of target-specific DNA sequences up to 3 kbp in length directly from genomic DNA in a single PCR amplification. The improved procedure did not necessitate a tertiary cycle of PCR as required previously (Liu and Huang 1998; Terauchi and Kahl 2000) . In addition, only one AD primer was needed for successful amplification of a target sequence, thus eliminating the process of screening numerous different AD primers for effective primer combinations as previously practiced (Liu and Huang 1998; Terauchi and Kahl 2000) . This improved TAIL-PCR procedure will facilitate isolation of genes and promoters without the use of genomic DNA libraries or cloned DNA template sequences (Liu and Whittier 1995) .
Analysis of amplified DNA sequences revealed that the open reading frame of the VvAlb1 gene in grape is 504-540 nucleotides long and encodes a protein of 167-179 amino acids in length with a molecular mass ranging from 19.0 to 20.3 kDa. This gene size is within the expected size range of 426-537 nucleotides as found in several 2S albumin genes previously isolated from different plant species (Boutilier et al. 1999; D'Hondt et al. 1993) . It remains unclear at this point whether this polypeptide represents a 2S albumin precursor that is subsequently processed into 2 subsequences for protein folding and packaging as found in some other 2S albumins (Barciszewski et al. 2000; D'Hondt et al. 1993) . Nevertheless, The VvAlb1 protein contains eight cysteine residues arranged in a unique pattern highly conserved among 2S albumins of numerous plant species. These cysteine residues are involved in disulfide bond formation for proper folding of mature 2S albumins (Rico et al. 1996) . Comparison of amplified DNA from different cultivars revealed sequence variations of the VvAlb1 gene. Most variations were confined to a region encoding Q-G doublet repeats near the 3′ end of the gene. Based on the repeated pattern of these sequence variations, it appears that they may have resulted from duplications, leading to either insertions or deletions of identical sequences. The VvAlb1 protein identified in this study contains an unusually high percentage of glutamine residues. For instance, the VvAlb1 protein from both 'Merlot' and 'Chardonnay 01' contained 49 glutamine residues representing 29% of the amino acid content. The same protein from 'Thompson Seedless' contained 54 glutamine residues representing 30% of the amino acid content. In contrast, a 2S albumin with a similar molecular size (19.1 kDa) from Arabidopsis thaliana contained only 23 glutamine residues that amounted to 14% of the amino acid content (D'Hondt et al. 1993) . Several previous studies demonstrated that overexpression of glutamine-rich 2S albumins and related proteins conferred high levels of antimicrobial activity in transgenic plants (Barciszewski et al. 2000; Koo et al. 2002; Terras et al. 1993) . Whether this VvAlb1 protein from grape is capable of conferring such antimicrobial activity needs to be determined.
In this study, an upstream DNA sequence associated with the VvAlb1 gene was also amplified. Expression analysis indicated that the 0.6-kbp region directly upstream of the VvAlb1 coding sequence was capable of directing high levels of transient GFP gene expression in cotyledonary tissues of grape somatic embryos but not in other vegetative tissues of both grape and tobacco. Hence, this VvAlb1 gene promoter controls the spatially and developmentally regulated expression of this gene in a manner similar to other seedspecific promoters. Previous studies have shown that most seed-specific promoters such as the well-characterized bean β-phaseolin promoter and Brazil nut 2S albumin gene pro-moter support gene expression that is mostly confined to cotyledonary tissues of developing embryos (Vincentz et al. 1997 ; Van der Geest et al. 1996) . The differential isolation of the VvAlb1-related partial EST from developing grape berries supported the results of functional analysis of the VvAlb1 promoter (Ageorges 2000) . In addition, within this tested promoter region lie several seed-specific regulatory motifs, most in the form of duplicated copies. These DNA motifs contain core sequences identical to that of cotyledon box (CATGCA), F1 (ACGT) motif, F2 (CACCTC) motif, F3 (CACGTC), and AGGA box that have been previously characterized using 2S albumin and related seed-specific promoters of other species (Conceicao Ada and Krebbers 1994; Vincentz et al. 1997; Ezcurra et al. 2000; Bies-Etheve et al. 1999) . Thus, the VvAlb1 gene promoter analyzed in this study is an active functional promoter and may prove valuable in future efforts to determine mechanisms underlying seed-specific gene expression in grape.
